A new simple, sensitive, and selective spectrophotometric method was developed for the determination of nitrite. The method is based on the reaction of nitrite with sulfathiazole in acidic medium to form a diazonium cation, which is subsequently coupled with N-(1-naphthyl)ethylenediamine dihydrochloride to form a highly stable, violet azo dye. The reaction product has an absorption maximum at 546 nm and obeys Beer's law over a nitrite range of 0.054-0.816 mg/mL. The molar absorptivity of the colored compound is 4.61´10 4 L/(mol×cm). The detection limit is 12.1 mg/L. The relative standard deviation is 0.85% for 5 determinations of nitrite at 0.27 mg/mL. The reproducibility and validity of the proposed method are discussed in the present paper. The simplicity of the method is demonstrated by the high stability of the azo-dye product as well as the short time required for its complete formation in a reaction at room temperature without pH control or extra extraction. The sensitivity of the method is shown by the successful determination of nitrite in human saliva and rain water, and of nitrogen dioxide in the atmosphere. The results compare favorably with those obtained by the reference method. The selectivity of the method is indicated by its freedom from most interferences, even at high concentrations of nitrate (500 mg/mL).
N itrite, well known as an intermediate product in the nitrogen cycle, is produced during the biodegradation of nitrogenous organic matter. Use of nitrite as a food preservative, fertilizer, and detergent and the presence of nitrite as a component in coal gas have caused serious pollution problems. Nitrites are regarded as hazardous compounds. They react with secondary and tertiary amines to form carcinogenic N-nitroso compounds. Therefore, the determination of nitrite is very important in various fields, such as environmental studies, biology, and clinical chemistry. The maximum permissible limit set for nitrite by the U.S. Public Health Association is 0.06 µg/mL in potable water.
Spectrophotometric methods have been widely used for nitrite determination (1) (2) (3) (4) . These methods, which are based on the diazotization of an aromatic amine and subsequent coupling to form an azo dye, are generally highly sensitive but suffer from serious interferences, toxicity of the reagent used, a relatively long coupling time, and the time required for control of pH and temperature during diazotization (5) (6) (7) . Many other techniques such as the use of a liquid membrane electrode (8) , liquid chromatography (9, 10) , and pulse polarography (11) have been used to determine nitrite, but these methods are complex and time-consuming.
A highly sensitive spectrophotometric method using 5,10,15,20-tetrakis(4-aminophenyl)porphine was reported for nitrite ion determination (12) . This type of reaction, which is time consuming and requires up to 30 min in a controlled, boiling water bath, suffers from serious interference by Fe(III), which is masked by ethylenediaminetetraacetic acid.
The diazotization and coupling reagents used (1-3) and the time needed for extraction to lower the concentration of nitrite for determination make the use of spectrophotometric methods a tedious process.
Nitrogen dioxide is fixed as nitrite with a suitable trapping solution, and the nitrite is then determined by means of diazotization-coupling reactions. Although many modifications have been adopted, they have been subject to interference from various species (6) .
Use of a nitroaniline reagent (13) requires pH control as well as an ice bath (0-5°C). The same reagent has been used with an extra extraction (1); however, this method also suffers from certain interferences. Moreover, the same reagent is used with N-(1-naphthyl)ethylenediamine dihydrochloride (NEDA), and the azo dye formed is extracted with isobutyl methyl ketone (2); this method has negative interference from SO 2 . In this work, we used a new reagent to give accurate and sensitive results for nitrite determination. Diazotization of nitrite with sulfathiazole in acidic medium and subsequent coupling with NEDA gives a red-violet dye having an absorption maximum at 546 nm. The proposed method is simple and sensitive enough to determine nitrite in human saliva and rain water, and nitrogen dioxide in the atmosphere. The selectivity of the method was demonstrated by the absence of serious interferences from various substances usually present in nitrite determinations by spectrophotometric methods based on diazotization of the aromatic amine and coupling with NEDA to form an azo dye.
METHOD

Apparatus and Reagents
All chemicals used were analytical reagent grade, and double-distilled water was used to prepare the reagent solutions. A Shimadzu UV-1600 UV-visible spectrophotometer was used for absorbency measurements at wavelengths ranging from 350 to 800 nm.
Standard sodium nitrite solution, 1 mg/mL.-Prepare by dissolving 0.3750 g dried NaNO 2 in 250 mL distilled water. A pellet of NaOH was added to the stock solution to prevent liberation of nitrous acid, and 1 mL spectronic grade chloroform was added to inhibit bacterial growth. This stock solution was diluted for use in construction of the calibration graph.
Sulfathiazole stock solution, 0.25 mg/mL.-Prepare by dissolving 125 mg in 0.6M HCl and diluting to 500 mL.
NEDA solution, 0.1%.-Prepare by dissolving 0.1 g in 100 mL distilled water.
Composite reagent.-Prepare by dissolving 0.25 g sulfathiazole in ca 1 L distilled water containing 0.6M HCl and 20 mL NEDA solution.
Procedure for Plotting the Calibration Graph
To a 1 mL aliquot of standard solution containing 1.36-20.4 µg nitrite (0.054-0.816 µg/mL when diluted to 25 mL) in a 25 mL volumetric flask, add 10 mL composite reagent. Set aside for 10 min at room temperature (20-30°C) for full color development, and then dilute to volume with distilled water (a red-violet color develops). Measure the absorbency of the red-violet color at 546 nm in a 1 cm cuvette vs a reagent blank prepared in the same manner, but in the absence of nitrite. Prepare a calibration graph for nitrite by plotting absorbency vs concentration.
Results and Discussion
The absorption spectrum of the azo-dye product shows maximum absorption at 546 nm, and the reagent blank has negligible absorption versus distilled water in a 1.0 cm cuvette.
Effect of Acidity on Formation of the Azo Dye
It was found that constant absorbance values were obtained when the acidity range (HCl) for the diazotization was 0.4-1.0M. Above this range the absorbance decreased. The acidity necessary for full color development was also studied over the range 0.1-1.0M; the color started to develop at an acidity of about 0.1M. Constant absorbance values were obtained with 0.4-1.0M HCl. Therefore, 0.6M HCl was chosen for further studies.
Effect of NEDA
Various concentrations of NEDA were studied for their ability to increase the intensity of the color product. Maximum absorbance values coupled with better stability of the color were obtained with 20 mL 0.1% NEDA solution in 1 L composite reagent.
Effect of Time on Formation of the Azo Dye
The effect of time after the addition of the composite reagent was evaluated for different time intervals (1.0-40.0 min). The absorbance of the azo dye was found to be constant after 10 min and to remain constant after that. The reaction proceeded very quickly at room temperature (20-30°C) and provided satisfactory results. The absorbance values were constant at this temperature, and no change was observed. It was concluded that a water bath was not needed for completion of the color development. The effect of time on the formation of the azo-dye product is shown in Figure 1 .
Beer's Law, Sensitivity, and Reproducibility 2 ) is 0.9998, and the limit of detection (LOD) was 12.1 µg/L. The LOD was calculated from the signal equal to the blank means (n = 10) plus 3 times the standard deviation (SD) of the blank (LOD = 3SD/S), where S = sensitivity = slope of the calibration graph.
The reproducibility of the method was checked by running 10 replicate determinations of nitrite at 0.027, 0.054, and 0.54 µg/mL on different days (10 days). The mean relative standard deviation when nitrite at 0.027 µg/mL was added was 2.67%; when 0.054 µg/mL was added, it was 0.95%; and when 0.54 µg/mL was added, it was 1.62%. Therefore, the method is reliable. A comparison was made with other reference methods from the published literature. Table 1 shows that the proposed method is more sensitive and has less interference from cations and anions that usually interfere in the determination of nitrite. 
Species Responsible for Color Development
When nitrite solution is treated with sulfathiazole in the presence of HCl, a diazonium species is produced. The diazonium species couples with NEDA to form an intense azo-dye product that has an absorption maximum at 546 nm ( Figure 2) . Thus, in the presence of HCl, nitrite forms nitrous acid, which reacts with the amino group of sulfathiazole to immediately form a stable diazonium cation. Diazotization was performed at room temperature (20-30°C), and no cooling (0-5°C) steps were necessary. The diazonium ion subsequently couples with NEDA under acid conditions to produce a red-violet azo dye that can be used for the determination of microamounts of nitrite in various environmental samples. The proposed reaction mechanism is similar to the mechanisms of other diazotization/coupling reactions previously re- Absence of interference from most cations and anions in Table 2 , and less sensitive ported (1, 7). The proposed reaction mechanism is shown in Figure 3 .
Effect of Foreign Ions
The effects of interference were studied for the proposed system, because the system was developed for the analysis of rain water, human saliva, and the atmosphere. Interference from foreign ions commonly present was studied in the absence and presence of known amounts of foreign ions added to a solution containing nitrite at 0.27 µg/mL. Each solution was treated according to the proposed procedure. The tolerance limits for the ions studied are given in Table 2 . These ions were tolerated to a great extent without any pretreatment. A foreign ion was considered to interfere seriously when it produced an absorbance error of >5% in the determination. Co(II), Fe(II),Cu(II), I -, and Mn(II), which are considered to be the most common interferences, did not interfere with the proposed procedure. This absence of interference indicates the high selectivity of the method. Moreover, when nitrate is present in high concentrations (500 µg/mL), it does not interfere with the determination. A negative interference was observed when the concentrations of thiosulfate and sulfite exceeded 5.0 and 3.0 µg/mL, respectively.
Determination of Nitrite in Real Samples
Rain water.-The proposed method was applied to the determination of nitrite in rain water. A suitable volume of the sample was collected and filtered through a 0.45 µm (pore size) membrane filter into a polypropylene bottle, which was kept in a refrigerator at <5°C until analysis within 24 h after collection. The results were compared with those obtained by using sulfanilic acid and NEDA, as described in the reference method (18) . The comparison was made because of the similarity of the reaction mechanisms of sulfanilic acid and sulfathiazole. The results obtained by the proposed method, which are summarized in Table 3 , agreed well with those obtained by the reference method.
Nitrogen dioxide in the atmosphere.-For nitrogen dioxide determination after the nitrogen dioxide in the atmosphere was fixed as nitrite, 10 mL absorbing solution (composite reagent) was placed in a midget fritted bubbler, and air was drawn directly into the absorbing solution at a flow rate of 0.4 L/min until a sufficient red-violet color appeared. The total air volume sampled was noted, and the concentration of NO 2 (µg/mL) was calculated with the following equation:
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Carbonate 100 a A foreign ion producing an absorbance error of >5% is considered a serious interference in the nitrite determination. where K = the standardization factor, 8 µg NO 2 /mL absorbing solution/absorbance; V = volume of air sample, L; and v = volume of absorbing reagents, mL. The results obtained by the proposed method were compared with those obtained by the reference method (18; Table 4 ). Human saliva.-The nitrite content of human saliva and the recovery of nitrite added to saliva were determined by the proposed and reference procedures. The insoluble matter in saliva was removed by centrifugation before analysis. The results for the nitrite content of human saliva samples obtained from 2 volunteers are presented in Table 5 . The recoveries ranged from 96.8 to 99.3%, which indicate that the method is applicable to saliva. The values shown in Table 5 are within the normal range for nitrite in saliva (3-350 µg/mL).
Conclusions
The proposed method is simple, sensitive, and free from most interfering substances, even at high concentrations of nitrate, and the reagents used are not toxic. With the reference method (18) , which uses sulfanilic acid/NEDA to form the azo-dye product, 40 min is required for complete development of the color, and sulfur dioxide and chlorine are serious interferences. The proposed method is useful for monitoring nitrogen dioxide in ambient air after a prolonged sampling time. With the AOAC reference method (1), which uses dibenzoylmethane as the coupling agent, an extra extraction process is needed, which is tedious, and the method is not completely free from interferences unless masking agents are used. In contrast, the proposed method has significant advantages over other spectrophotometric methods: it is simpler and free from most interfering substances, and the sensitivity is better than that of the currently recommended methods. Therefore, the introduction of sulfathiazole/NEDA as a new coupling agent for nitrite determination provides good sensitivity, selectivity, and wide applicability, as demonstrated by the determination of nitrite in rain water and human saliva, and of nitrogen dioxide in the atmosphere.
